Red blood cell concentration and hematocrit were assessed in the blood flowing in the capillaries of rabbit cerebral cortex (in unstained histologic sections prepared after in situ fixation of the tissue) and in the blood samples taken from the respective veins using di rect, quantitative techniques. The values appeared to be significantly higher in veins than in capillaries under con trol conditions. With the development of cerebral isch emia, when the blood flow in the cortex was reduced to Regional variations of hematocrit in circulating blood is presently a well-known phenomenon.
almost half of the control level, red cell concentration and hematocrit in the blood were found to decrease markedly both in the capillaries and veins of the brain, while in the femoral veins of the same animals the values remained essentially unchanged. Key Words: Cerebral blood flow-Cerebral ischemia-Cerebral hematocrit Microcirculation in cerebral cortex-Red blood cell con centration changes in circulating blood. temic circulation (Levin and Ausman, 1969; Cremer and Seville, 1983 ; Lammerstma et aI. , 1984; Sakai et aI. , 1985) . Hematocrit, assessed di rectly in samples of cerebral blood, was found higher than that in hind legs Va razashvili, 1980, 1986a) .
The aim of the present work was first, to examine red cell concentration in the blood flowing in cere bral capillaries and the respective veins, and second, to study hematocrit changes in brain vessels under the conditions of cerebral ischemia.
MATERIALS AND METHODS
The experiments were performed on 20 adult chinchilla rabbits of both sexes weighing 2.5-3.5 kg. The animals were anesthetized with hexenalum (40-50 mg/kg body weight, i.v.) or urethanum (1 g/kg body weight, i.v.). Nine rabbits were used as controls; in the remaining 11 animals ischemia was produced in the forebrain.
Preliminary surgical procedure
The preliminary procedure included (a) exposure of the trachea for intubation, both common carotid arteries, and the left external jugular vein via a sagittal section at the neck; (b) incision of the skin at the neck below the oc ciput, in order to subcutaneously fasten a platelike iron electrode to be used for hydrogen clearance technique for measurement of CBF; (c) making a large trephanation hole in the parietal region of the skull, with the dura mater left intact until the onset of the experiments; and (d) exposure of the muscular venous branches of the fem oral vein.
Circulatory parameters monitored in vivo
Monitoring included (a) the systemic arterial pressure, recorded continuously with an electromanometer (Elema) via a catheter inserted into the left common ca rotid artery in the thoracic direction; (b) the systemic venous pressure, recorded continuously through another catheter inserted into the external jugular vein in the tho racic direction; (c) CBF, measured using a hydrogen clearance technique (Sem-Jacobsen et al., 1969; Dadiani and Andreeva, 1972) , with the active platinum anode (surface area of 1 mm2) being mounted on the anterior portion of right parietal cortex.
Hematocrit in the capillaries of parietal cortex
Hematocrit was assessed directly in thick transverse histologic sections prepared following the tissue in situ fixation. To this end, the right cerebral cortex was fixed during life by applying to its surface a piece of cotton wool soaked in 20% formaldehyde dissolved in 96% eth anol, at necessary moments of the experiments, both under control and ischemic conditions. At the same time. thoracic portions of the common carotid arteries were dissected, which brought about an immediate drop of the systemic arterial pressure. At 1-2 min of fixation fluid application, the brains were removed from the skull and immersed in the same fixation fluid for 24 h and then in 12% formaldehyde dissolved in isotonic NaCI solution for another 48 h. Subsequently, 15-20-f.Lm thick, transverse sections of brain cortex were prepared, using a freeze microtome.
The sections of brain cortex were examined in a light microscope under the magnification of x 900 without any further histologic treatment (thUS, avoiding possible oc currence of artifacts). Capillaries were identified in the sections by their specific wall structure (absence of smooth muscle cells) and small lumina, containing no more than one, usually deformed, red cell in any cross section (see Results below). Only those randomly se lected capillaries that could be seen at a sufficient length, i.e., up to 100-120 f.Lm in the sections, were studied.
Red blood cell concentration and hematocrit in the blood flowing in the capillaries of cerebral cortex were determined as follows:
Blood volume in individual capillaries (f.Lm3) = cross-sectional area of lumen (1T ,2) X length (f.Lm) (I) 
Share of red cells and plasma in blood samples taken from pial and hind leg veins
This was ascertained using two methods, each of which verified the other: (a) determination of hematocrit values by blood centrifugation under standard conditions at 3,500 g, mean radius 5 cm, for 10 min; and (b) counting number of red cells in a hemocytometer using standard technique. During the blood sampling, precautions were taken to avoid CSF, or tissue fluid in the case of hind legs, being mixed with the blood taken for the analysis.
Ischemia in the right forebrain
Ischemia was produced by the occlusion of the ipsilat eral common carotid artery at the neck at specific mo ments of the experiments (the contralateral carotid artery was occluded earlier during the preliminary surgical pro cedure see Preliminary surgical procedure section). CBF reduction in the hemispheres were assessed by the com parison of flow values prior to, and after, artery occlu sion.
Experimental protocol
Protocol for the series of ischemic animals was as follows: (a) assessment of CBF (several times) simulta neously with recording the systemic arterial and venous pressures; (b) blood sampling from a pial vein in the right parietal region; (c) blood sampling from a muscular branch of the femoral vein; (d) occlusion of the right common carotid artery and the subsequent assessment of CBF in the same hemisphere; (e) blood sampling from the ipsilateral pial and hind leg veins; (f) brain cortex histo logic treatment for the assessment of hematocrit in cere bral tissue capillaries. The same protocol, without carotid artery occlusion, was followed in the group of control an imals.
Data were represented as means (± SD). The differ ences were calculated with the t test using the diversities of individual cases, when possible.
RESULTS
In the group of control animals the systemic arte rial and venous pressures were equal to 97 ± 13 .7 and 6 ± 3 mm Hg, respectively. Mean CBF was 108 mlllOO g/min.
The internal diameter of active capillaries of ce rebral cortex varied from 2.8 to 6,3 f.Lm and aver aged 4.8 ± 0.1 f.Lm. The mean cross-section of red blood cells inside active capillaries was 3.7 ± 0.2 f.Lm, which implies that red cells occupied only 77 ± 3.5% of the cross-sectional area of capillary lu mina, the parietal plasma layer being 0.5 ± 0.1 f.Lm wide. The deformation index of red blood cells, i.e., their length-to-width ratio, was found to equal 2.2 ± 0.2. The distance between individual red cells in active capillaries varied from 0 to 10 /-Lm.
Red blood cell concentration in the capillaries of cerebral cortex appeared regularly smaller than in the blood samples taken from pial veins, draining blood from the cortex ( Fig. 1; left) . A similar rela tionship was revealed when a comparison was made between the hematocrit values in cortical capillaries and pial veins ( Fig. 1; right) . In these cases, the mean red blood cell values were 5,096,000 ± 521,000 per 1 mm3 in the capillaries and 6,103,000 ± 608,000 per 1 mm3 in the veins; and the hematocrit equaled 29 ± 5.4% in the capil laries and 36.4 ± 2.8% in the veins. The differences were statistically significant in both cases: p < 0.001. In the femoral veins of the control animals the number of red blood cells and hematocrit equaled 4,991,000 ± 615,000 per 1 mm3 and 29.9 ± 2.8%, respectively.
Under the conditions of cerebral ischemia in the present experiments, CBF decreased on an average from 108 to 56 mll100 glmin, i.e., by 52%, while the systemic arterial and venous pressures showed al most no alterations.
The internal diameter of active capillaries during ischemia was found to be 4.3 ± 0.5 /-Lm, i.e., 10% smaller than under control conditions, and the mean diameter of red blood cells in capillary cross sections was 3.4 ± 0.3 /-Lm. Hence, every cell oc cupied only 81.4 ± 3.9% of the capillary cross-sec tion; the deformation index of the red blood cells was found to be 2.3 ± 0.3 . Thus, it appeared that red blood cells were slightly more deformed in the capillaries of ischemic brains than under control conditions.
Red blood cell concentration in cerebral capil laries during ischemia was regularly lower than under control conditions ( Fig. 2; left) . The mean number of red blood cells in the capillaries was 2,927,000 ± 880,000 per 1 mm3, i.e., 57% smaller as compared with the control conditions. The he matocrit in the capillaries of cerebral cortex during ischemia was similarly lower than in the control an imals (Fig. 2, right) . The mean hematocrit value in cortical capillaries during ischemia was on an average 14.8 ± 6.7%, which is 51% smaller as com pared with the control animals.
Comparison of both the number of red blood cells and hematocrit in the cerebral veins of the same animals under control and ischemic condi tions revealed that the values always decrease con siderably with the reduction of CBF (Fig. 3) . Their mean values were respectively 6,103,000 ± 608,000
and 4,901,000 ± 702,000 per 1 mm3 for number of red blood cell and 36.4 ± 2.8 and 29.5 ± 4% for hematocrit. The differences in both cases were sta tistically significant at p < 0.001.
Red cell concentration under ischemic conditions appeared regularly lower in minute blood vessels than in larger vessels of the same animals (Fig. 4) .
The mean number of red cells in capillaries and veins were 2,927,000 ± 880,000 per 1 mm3 and 4,901,000 ± 702,000 per 1 mm3, respectively, while the mean hematocrit values equaled 17 ± 5.8% in capillaries and 29.5 ± 4% in veins. The differences were statistically significant (p < 0.001) in both cases.
In the femoral veins number of red blood cells was 4,991,000 ± 615,000 per 1 mm3 prior to and 5,144,000 ± 546,000 per 1 mm3 during cerebral ischemia in the same animals. The values of hemat ocrit in the same cases were, respectively, 30 ± 2.7 and 30.4 ± 3.4%. The differences were statistically insignificant at p > 0.5. The values for individual cases are shown in Figure 5 .
DISCUSSION
It has been shown previously that the blood samples taken both from the arteries and veins of the brain show a higher red cell concentration and hematocrit than those taken from the arteries and veins of the hind leg (Mchedlishvili and Varazash viIi, 1980 , 1986a , 1986b . [In previous studies by Larsen and Lassen (1964) direct and quantitative in the both cases. Another advantage of the present experiments is that the data obtained apply to specific brain vessels, in contrast to the studies using isotope markers (Cremer and Seville, 1983 ; Sakai et aI., 1985) where the hematocrit was estimated for brain tissue in toto. The assessment of the number of red blood cells in certain blood volumes together with the es timation of hematocrit provided us with corrobora tive evidence for the validity of the results ob that hematocrit values are (a) regularly lower in brain cortex capillaries than in the pial veins draining blood from the cap illaries, (b) regularly reduced during cerebral ischemia as compared to control conditions, the difference being even more significant in capillaries than in veins, and (c) un changed in the hind leg veins during cerebral ischemia as compared to pre-ischemic conditions. plied, in order to minimize the artifacts in the mi croscopical preparations to be investigated for the assessment of hematocrit in the capillary blood.
Even if there were some fixation artifacts in the brain tissue elements and microvessels, they were expected to be similarly present both under control and ischemic conditions. Therefore, this would not have influenced the results of hematocrit estimation in the capillaries of cerebral cortex in the present study.
A relatively low hematocrit in capillaries as com pared with larger blood vessels was shown by many researchers for different parts of the body (Schmid SchOnbein and Zweifach, 1975; Lipowski et aI., 1980; Kozlov and Kistanova, 1984) , and therefore, the availability of such a phenomenon in brain vas culature does not seem to be unusual. In addition,
the present experiments demonstrated that this phenomenon can be observed under ischemic con ditions as well. The difference in this case becomes even more significant as compared with normal ce rebral blood flow conditions.
Factors responsible for a comparatively low he matocrit in smaller blood vessels have been already discussed elsewhere (Cokelet, 1982 (Krogh, 1922; Mchedlishvili, 1958) and corroborated by recent studies (Gaehtgens et al., 1979; Klitzman and Duling, 1979; Schmid-Schonbein et aI., 1980) . Such gradual separation of red cells and plasma in the arterial branching sequence leads to a decrease of red blood cell concentration in ischemic regions, and, conversely, to its increase in other parts of the body where the blood flow is intensified. However, such a positive correlation between the regional blood flow rate and hematocrit in the flowing blood was revealed only under specific experimental con ditions, when the local blood flow underwent changes while the systemic circulation remained unaltered.
Therefore, the blood circulating in ischemic areas shows a significantly lowered hematocrit, as com pared with normal conditions (Mchedlishvili and Varazashvili, 1981) . This phenomenon has certainly dual implications, with regard to appropriate tissues. It might be positive in the sense that the blood supply to the tissues is improved owing to an enhanced blood fluidity under these conditions (Schmid-Schonbein and Rieger, 1981) ; but, it is negative, on the other hand, because the decrease of number red blood cells in the circulating blood deteriorates oxygen supply to the appropriate tissue, already suffering from hypoxia. The present work showed that the lowering of hematocrit in ischemic areas of the brain is certainly a local phe nomenon, since the systemic hematocrit (deter mined in hind legs in the present study) remained essentially unaltered under the conditions of cere bral ischemia.
